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Nitrogiycerin and sodium nitroprusside are potent vasodilators 9 ' 10 and cause rapid hypotension. These agents are also expected to release cerebroarterial spasm following subarachnoid hemorrhage. 11 No information is available concerning the response of cerebroarterial smooth muscle to these vasodilators. The present study was thus undertaken to compare quantitatively the response of isolated dog cerebral, coronary and mesenteric arteries to C a + + antagonists, nitrogiycerin and sodium nitroprusside. Verapamii prevention of drug-induced contractions was also compared in cerebral and mesenteric arteries.
STROKE VOL 11, No 3, MAY-JUNE 1980 bleeding from common carotid arteries. The brain and heart were rapidly removed. Basilar and middle cerebral arteries (0.5 to 0.8 mm outside diameter) and ventral interventricular branches of the left coronary artery (0.6 to 0.9 mm) were isolated. Distal portions of the mesenteric artery (0.5 to 0.8 mm) were also removed. The arteries were cut helically into strips approximately 20 mm long. The specimen was vertically fixed between hooks in a muscle bath containing the nutrient solution, which was maintained at 37 ± 0.5°C and aerated with a mixture of 95% O 2 and 5% CO 2 .
Hooks anchoring the upper end of the strips were connected to the lever of a force-displacement transducer (Nihonkoden Kogyo Co., Tokyo, Japan). The resting tension was adjusted to 1.5 g, which is optimal for obtaining the maximum contraction. 12 Constituents of the solution were as follows (mM): Na + 162.1, K + 5.4, Ca ++ 2.2, Mg ++ 1.0, Cl-159.0, HCCV 14.9, and dextrose 5.6. The pH of the solution was 7.2 to 7.3. Osmotic adjustment was not made when K + (up to 30 mM) was added to the bathing media. Before the start of experiments, all preparations were allowed to equilibrate for 90 to 120 min in the control media during which fluids were replaced every 15 to 20 min.
Isometric contractions and relaxations were recorded on an ink-writing oscillograph (Sanei Sokki Co., Tokyo, Japan). The contractile response to 30 mM K + was first obtained. Prostaglandin (PG) F 2a was added directly to the bathing media in cumulative concentrations, and the contractions relative to those induced by 30 mM K + are presented. Before the addition of vasodilating agents, arterial strips were contracted with either PGF 2o (5 X 10"' to 2 X 10 6 M) or K+ (12 to 20 mM). Relaxations induced by 10 4 M papaverine were taken as 100%, 13 and relaxations induced by verapamil, diltiazem, nifedipine, nitroglycerin and sodium nitroprusside relative to those induced by papaverine are presented. Preparations were exposed for 20 min to verapamil, before the doseresponse curve for PGF 2o was obtained. Experiments with nifedipine were carried out in a dark room illuminated by sodium gas lamp to avoid daylightinduced oxidation.
Results 
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than in mesenteric arteries ( fig. 3, left) . However, maximum relaxations induced by 5 X lO^1 M diltiazem in these arteries did not significantly differ. Greater relaxations of cerebral arteries were also obtained with nifedipine ( fig. 3, right) . Solvent of nifedipine in a volume equivalent to make the bath concentration of nifedipine 2 X 10" 8 M caused a significant relaxation of mesenteric arteries contracted with PGFja (N = 3) but a slight contraction of cerebral arteries (N = 3) ; therefore, the relaxant effect 
Modification by Verapamil of the Response to PGF fc
The addition of P G F^ (5 X lC"" to lO 8 M) elicited a dose-related contraction of cerebral and mesenteric arterial strips. The contractile response to PGF^ was attenuated by prior treatment for 20 min with verapamil (5 X 10-' and 2 X 10' 7 M) in a dosedependent manner (fig. 4) . The attenuation was greater in cerebral than in mesenteric arteries; mean values of the inhibition by 5 X 10"* M verapamil in the response to PGFj,, in median effective concentrations (ED50's) were 33 and 17%, respectively, and those of the inhibition by 2 X 10~7 M verapamil were 55 and 34%, respectively.
Responses of Different Arteries to Nitroglycerin and Sodium Nitropmsside
Nitroglycerin and sodium nitroprusside relaxed cerebral, coronary and mesenteric arteries contracted with PGF 2a to a similar extent ( fig. 5 ). Relaxations developed rapidly in response to these agents and stabilized within 1 to 2 min. Maximum relaxations of these arteries induced by nitroglycerin and sodium nitroprusside did not differ; however, ED50's of nitroglycerin were significantly less than those of sodium nitroprusside (table 2) .
Discussion
Verapamil, a Ca + + antagonist, elicited a greater relaxation in arterial strips contracted with K + than in arteries contracted with PGF^, suggesting that the contraction induced by K + is dependent to a greater extent upon the influx of Ca + + across cell membranes of arterial smooth muscle than the PGF, a -induced contraction. Cerebral arterial strips contracted with relaxed in response to Ca + + antagonists, including verapamil, diltiazem and nifedipine, to a greater extent than mesenteric and coronary arteries. Further, prior treatment with verapamil caused a greater inhibition of contractile responses to PGFja of cerebral arteries than of peripheral arteries. Similar results with nifedipine were obtained in cerebral and femoral arteries.
14 Such a heterogeneity may be specific in the action of Ca + + antagonists, since a similar extent of relaxation was induced by nitroglycerin and sodium nitroprusside in these arteries placed under same experimental conditions. The findings obtained in the present study suggest that contractions of cerebral arteries induced by PGF t o are associated to a greater extent with the influx of Ca + + than the contractions of peripheral arteries, the Ca + + influx in cerebral arteries is more susceptible to Ca + + antagonists, or Ca + + antagonists possess vasodilating actions other than the interference with Ca + + influx, which operate to a greater extent on cerebral arteries. The evidence that verapamil and Cd + + produce a greater attenuation of Ca ++ -induced contractions in dog cerebral arteries exposed to Ca ++ -free media and depolarized by K + than in mesenteric and coronary arteries* supports the second alternative.
PGFja is one of endogenous vasoconstricting substances. PGFJO and other vasoconstricting PG's, including PGE 2 and H 2 , are postulated to share the same site of excitatory action.
18 ' ie It has been suggested that vasoconstricting PG's are involved in the cerebral vasospasm following subarachnoid hemorrhage (Toda and Shimizu, unpublished data).
171 ' Thus, the greater susceptibility of cerebroarterial contractions to Ca + + antagonists may indicate the usefulness of these agents for the treatment and prophylaxis of cerebral vasospasm in doses insufficient to induce vasodilatation in peripheral vasculatures. Effectiveness of nifedipine on experimentally-induced cerebral vasospasm in dogs has recently been reported. 20 The mechanism of vasodilating action of nitroglycerin and sodium nitroprusside has not been clarified. Cerebral and peripheral arteries of a similar size, contracted with PGF to , responded with a similar extent of relaxations to nitroglycerin or sodium nitroprusside, suggesting that these agents and Ca + + antagonists do not necessarily share the same mechanism of vasodilating action. The similar conclusion has been drawn by Hester et al. 21 from the finding that D 600, the methoxy derivative of verapamil, and sodium nitroprusside differently affect " C a + + fluxes in isolated dog renal arteries. 
